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$\mathbb{R}^{2}$ $U$ , $g$ : $Uarrow \mathbb{R}^{3}$ $\mathbb{R}^{3}$ $M$ . $M$
, $n=(g_{u}\cross g_{v})/\Vert g_{u}\cross g_{v}\Vert$ . $0$) , $t_{0}$ ,
$\overline{g}(u, v)=g(u, v)+t_{0}n(u, v)$
$\tilde{M}$ $M$ to . $p=g(u_{0}, v_{0})$
$M$ $\kappa_{i}’(i=1,2)$ . $t_{0}=1/\kappa_{i}$ , $A^{j}\tilde{I}$ $\tilde{g}(u_{0}, v_{0})$ . ,
$p$ $M$ , $\tilde{g}$ 1 , $p$ $M$ , $\tilde{g}$




, , . $p=g(u_{0}, v_{0})$ $M$
, $p$ $\kappa_{i}$ , $v_{i}$ .
1.1. $p$ $M$ . $p$ $M$ $v_{i}$ (ridge
point) , $v_{i}\kappa_{i}(u_{0}, v_{0})=0$ , $v_{i}$ (ridge line)
. , $v_{i}^{(m)}\kappa_{i}(u_{0}, v_{0})=0(1\leq m\leq k)$ $v_{i}^{(k+1)}\kappa_{i}(u_{0}, v_{0})\neq 0$ , $p_{0}$ $k$
. , $v_{i}\kappa_{i}1$ $v_{i}$ $\kappa_{i}$ .
, Porteous [8] .
12. $p$ $M$ . $p$ $M$ $v_{i}$
(sub-parabolic point) , $v_{i}\kappa j(u_{0}, v_{0})=0(i\neq j)$ .
(sub-parabolic line) .
Bruce Wilkinson [3] (folding map) .
.
1.3. $M$ , $M$ $(u, v, f(u, v))$
$f(u, v)= \frac{1}{2}k(u^{2}+v^{2})+\frac{1}{6}(a_{30}u^{3}+3a_{21}u^{2}v+3a_{12}uv^{2}+a_{03}v^{3})+$hot.
. $f$ 3 3 (i.e. 3 ),
(i.e. ), (i.e. 1 ), (i.e. ) ,
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, (right-angled umbilc) .
1890 Darboux[4] , Bruce Fidal[1]
Gutierrez Sotomayer [5] 1980 .
, , , [2, 9] .
2
$M=g(U)$ ,
$\Phi$ : $U \cross \mathbb{R}^{4}arrow \mathbb{R};\Phi(u, v, x, y, z, t)=-\frac{1}{2}(\Vert(x, y, z)-g(u, v)\Vert^{2}-t^{2})$
, $t=t_{0}$ ,
$\tilde{\Phi}$ : $U\cross \mathbb{R}^{3}arrow \mathbb{R};\tilde{\Phi}(u, v, x, y, z)=\Phi(u, v, x, y, z, t_{0})$
. , $\Phi$
$D(\Phi)=\{(x, y, z, t);\exists(u, v) s.t. (x, y, z)=g(u, v)+tn(u, v)\}$
, $D(\Phi)$ $t=t_{0}$ $M$ $t_{0}$ $\tilde{M}$ . , $\tilde{\Phi}$
$\mathcal{D}(\tilde{\Phi})=\{(x, y, z);\exists(u, v)s.t. (x, y, z)=g(u, v)+t_{0}n(u, v)\}$
, $M$ to $\tilde{M}$ .
,
$(x_{0}, y_{0}, z_{0})=g(u_{0}, v_{0})+t_{0}n(u_{0}, v_{0}),$ $t_{0}=1/\kappa_{i}$
, $\varphi(u, v)=\Phi(u, v, x_{0}, y_{0}, z_{0}, t_{0})$ , $\varphi(u, v)=\tilde{\Phi}(u, v, x_{0}, y_{0}, z_{0})$ .
$\Phi$ : $(Ux\mathbb{R}^{4}, (u_{0}, v_{0}, x_{0}, z_{0}, t_{0}))arrow(\mathbb{R}, 0)$
,
$\tilde{\Phi}:(U\cross \mathbb{R}^{3}, (u_{0}, v_{0}, x_{0}, z_{0}))arrow(\mathbb{R}, 0)$
$\varphi:(U, (u_{0}, v_{0}))arrow(\mathbb{R}, 0)$ $\mathcal{K}$ , $D(\Phi),$ $D(\tilde{\Phi})$ ,
, , $D_{4}$ . ,
, $\Phi$ $\tilde{\Phi}$ $\varphi$ $\mathcal{K}$ .
21. $p$ $M$ . , .
(1) $p$ $M$ , $\overline{\Phi}$ $\varphi$ $\mathcal{K}$ .
(2) $p$ $M$ 1 , , $\tilde{\Phi}$ $\varphi$ $\mathcal{K}$
.
76
(3) $p$ $M$ 2 , $p$ , $\Phi$ $\varphi$ $\mathcal{K}$ .
(4) $p$ $M$ , $\Phi$ $\varphi$ $\mathcal{K}$ .
(2) . $M$
$g(u, v)=(u,$ $v,$ $\frac{1}{2}(\kappa_{1}u^{2}+\kappa_{2}v^{2})+\sum_{i+j\geq 3}\frac{1}{i!j!}a_{ij}u^{\dot{t}}v^{j})$
. ,
$(x_{0}, y0, z_{0})=(0,0,$ $\frac{1}{\kappa_{i}}),$ $t_{0}= \frac{1}{\kappa_{i}}$
. , $\tilde{\Phi}$
$\tilde{\Phi}(u, v, x, y, z)=c_{00}+xu+yv+\frac{1}{2}(\tilde{\kappa}_{1}u^{2}+\tilde{\kappa}_{2}v^{2})+\sum_{i+j\geq 3}\frac{1}{i!j!}c_{ij}u^{i}v^{j}$
. ,
$c_{00}= \frac{\iota_{0^{2}-x^{2}-y^{2}-z^{2}}}{2},\tilde{\kappa}_{i}=\kappa_{i}z-1,$ $c_{\dot{\tau}j}=a_{ij^{Z}}(i+j=3)$ ,
$c_{40}=a_{40}z-3\kappa_{1^{2}},$ $c_{31}=a_{31}z,$ $c_{22}=a_{22}z-\kappa_{1}\kappa_{2},$ $c_{13}=a_{13}z,$ $c_{04}=a_{04}z-3\kappa 2^{2}$
. $\varphi$ $A_{3}$ ,
(1) $\tilde{\kappa}_{1}=0,\tilde{\kappa}_{2}\neq 0,$ $c_{30}=0,$ $-3c_{21^{2}}+\tilde{\kappa}_{2}c_{40}\neq 0$ ,
(2) $\tilde{\kappa}_{1}\neq 0,\tilde{\kappa}_{2}=0,$ $q_{3}=0,$ $-3c_{12^{2}}+\tilde{\kappa}_{1}c_{04}\neq 0$
. (1) . (1) , $v_{1}$ 1 .
$A_{3}$ $\mathcal{R}\sim 4$ , $\tilde{\Phi}$ $\varphi$ $\mathcal{K}$
$\mathcal{E}_{2}=(\varphi,$
$\varphi_{u},$
$\varphi_{v}\}_{\mathcal{E}_{2}}+\langle\tilde{\Phi}_{x}|_{U\cross P0},\tilde{\Phi}_{y}|_{Uxp0},\overline{\Phi}_{z}|_{U\cross P0}\}_{R}+\langle u,$ $v\rangle^{5}$ (2.1)
, $p_{0}=(x_{0}, y_{0}, z_{0})$ . $c=c_{21}/(2\tilde{\kappa}_{2})$ , $v$ $v-cu^{2}$ . ,
. , 4 .
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, $\tilde{c}_{40}=(\tilde{\kappa}_{2}c_{40}-3c_{21^{2}})/\tilde{\kappa}_{2}$ . $c\neq 0$ , $0$ ,
(21) . $c=0$ $v_{2}$
, . , .
22. $p=g(u_{0}, v_{0})$ $M$ . $t_{0}=1/\kappa_{i}$ , .
(1) $p$ $M$ , $\tilde{M}$
.
(2) $p$ $M$ 1 , , $\tilde{M}$
.
(3) $p$ $M$ 2 , $p$ , $\tilde{M}$
.









22 , (2) , 1 ,
, $\tilde{\Phi}$ $\mathcal{K}$ ,
. , , , [7] ,
, ,
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